Most macrocytic anemias originate in the alimentary tract. Study of the small intestine in recent years has shown that many patients regarded previously as suffering from addisonian pernicious ana.mia really had a disorder of the small bowel. The diagnosis of pernicious anemia was often based upon the finding of achlorhydria by the fractional test meal, an unreliable method which may fail to detect acid which modern methods of gastric analysis prove to be present. The small intestine was ignored. The more complete the investigations, the less frequently is pernicious anemia diagnosed. Lesions Interfering with Absorption of Vitamin B12
The physiology of the absorption of vitamin B1, is unique (Glass 1963) . Absorption requires the presence of a specific binding substance, Castle's intrinsic factor, which is secreted by the upper part of the stomach. This is a mucoprotein which binds B1, into a non-diffusible complex, protecting it from digestion as it traverses the gut and is absorbed in the ileum (Cox et al. 1958 , Booth & Mollin 1959 . Various disorders of the stomach may cause the flow of intrinsic factor to cease or to be ineffective.
Gastric atrophy: Addisonian pernicious anacmia first comes to mind. Its cause is unknown and the latest theory is that it is an autoimmune disease. Evidence for this is the finding of antibodies to parietal cells in the serum and, more important, to intrinsic factor (Doniach & Roitt 1964) as well as the clinical overlap with myxcedema; 10-3 % of patients with idiopathic myxcedema suffer from vitamin B12 deficiency (Tudhope & Wilson 1960) , which may explainthe macrocytic aneemia of hypothyroidism. In juvenile pernicious aneemia, intrinsic factor is absent though the gastric mucosa and hydrochloric acid secretion are normal (Mollin et al. 1955) ; the fact that these children do not show antibodies in their serum argues against pernicious anaemia being due to autoimmunity, assuming that this is an early phase of the adult disease. Pernicious anmmia may follow damage to gastric mucosa by external agents such as corrosive liquids. Gastric cancer does not cause pernicious anemia as patients die before stores of vitamin B12 in the body have been depleted, these being sufficient for four years.
Macrocytic anemia, eventually megaloblastic, is a late and inevitable sequel to total gastrectomy, and developed in all but one of 11 patients in whom no gastric tissue remained and who had survived over three years (MacLean & Sundberg 1956) . It is rare after partial gastrectomy, and occurred in only 4-33 % of 7,505 patients reported in the literature . Absorption of vitamin B12 is satisfactory after partial gastrectomy, for only a few centimetres of normal mucosa are needed to supply sufficient intrinsic factor. Yet there follows a gradual fall in the serum vitamin B12 level of many patients and this decreases until seven or eight years after the operation, then levels off . Atrophic changes in the gastric mucosa may sometimes be the cause, though its greater frequency after Polya gastrectomy suggests that perhaps rapid emptying may give inadequate opportunity for binding of vitamin B12 by intrinsic factor, or that there is insufficient stimulation for intrinsic factor by food in its precipitate passage to the intestine. Another cause is the 'blind loop syndrome' due to a stagnant afferent loop (Fig 1) . This is recognized by improved absorption of radioactive vitamin B1, after administration of antibiotics, the secretion of intrinsic factor being normal. Lesions of the ileum: Extensive damage to the ileum from conditions such as Crohn's disease, or resection, may interfere with absorption of vitamin B12 (Cox et al. 1958 ). The first sign of this is a lowered serum vitamin B12, then macrocytosis, and finally macrocytic anemia ( IC 17-0-or anastomoses is not new, though the diagnosis is often missed. Faber (1897) described the necropsy of a young woman who died from severe 'pernicious anmmia' due to two strictures of the small bowel. Modern interest in the importance of stasis and bacterial contamination began with the observation that nutritional effects of gastrojejunocolic fistula were not the result of passage of gastric contents into the large bowel, but instead due to contamination of the stomach and small bowel by colonic matter (Renshaw et al. 1946 ); hence, the fistula is easily seen by barium enema though it is undetected during a barium meal. Stagnant loops may occur naturally in Crohn's disease or as a result of by-pass surgery.
Multiple diverticulosis is of particular interest for here are many cul-de-sacs in an otherwise normal small intestine. Bacteria flourish in the diverticula and infect the small intestine, causing the triad of jejunal diverticulosis, steatorrhoea, and megaloblastic anemia (Badenoch et al. 1955) . Diverticulosis of the small intestine may be symptomless and of no significance, though one study of 33 patients showed that 10 developed megaloblastic anmemia at some time, 14 had evidence of vitamin B12 depletion and 6 showed abnormal folic acid excretion. Fat excretion was not necessarily abnormal and occurred in only 9 out of 27 examined. Twelve of the 33 patients suffered from neurological symptoms and 4 had subacute combined degeneration of the cord (Cooke et al. 1963) . It was suggested that defective absorption of vitamin B12 might be due to destruction of the intrinsic factor-vitamin B12 bond, because of an acid pH in the small intestine caused by bacteria. This seems more likely than the theory that bacteria compete for vitamin B12 and deprive their host of them (Strauss et al. 1961 interfere with the function of the intestinal cell (Booth & Heath 1962) or with the utilization of vitamin B12. Smith (1964) has suggested that the bacterial toxin may be cyanide. The effectiveness of treatment by vitamin B12 can then be explained by its known property as an antidote for cyanide. The appearance of the mucosa of the small intestine, as seen by biopsy, is normal in disorders due to stagnation of bowel contents. Other causes of vitamin B12 deficiency: The fish tapeworm (Diphyllobothrium latum) is of only academic interest to us, as it is found in Finland though it has been taken by emigrants to certain parts of the United States, such as around the Great Lakes. It probably secretes a 'releasing factor' which liberates vitamin B12 from its bond with intrinsic factor so that it is able to deprive its host of this (Nyberg et al. 1961) . The higher in the small intestine the worm resides, the more likely is megaloblastic anmmia. The worms may also inhibit gastric secretion, causing gastric atrophy. Other worms do not cause vitamin B12 deficiency as they are able to form their own vitamin B12 by bacteria of their own intestine. Pancreatitis may cause megaloblastic anmmia, though rarely. Absence of alkaline pancreatic juice may result in the pH of the small bowel being acid, so interfering with absorption of vitamin B12; support for this idea has been obtained by showing that radioactive vitamin B12 is better absorbed after sodium bicarbonate (Nieweg et al. 1962) . Recently, a syndrome of selective vitamin B12 malabsorption and proteinuria in young people has been described (Grasbeck et al. 1960 , Imerslund & Bj0rnstad 1963 . There is inability to absorb vitamin B12 though intrinsic factor secretion is normal. Vitamin B12 deficiency develops at about the age of4 years when stores derived from the mother are exhausted, and continues intermittently during childhood and adult life. The reason for the association with proteinuria, often with radiographic abnormalities such as duplication of the ureters or pelvis of the kidneys, is unknown; it is familial and both phenomena are probably genetically determined. This condition is probably an example of an enzyme defect of the intestinal cell.
Lesions Causing Folic Acid Deficiency Idiopathic steatorrhoea causes folic acid deficiency because it affects the jejunum where folic acid is absorbed. Hence, macrocytosis, as seen in blood films and indicated by a MCV above 96 cu. ", was present in two-thirds of 100 patients (Cooke et al. 1953) , the remainder developing macrocytosis at some time during subsequent observation. Blood films may differ from those of typical pernicious anxmia as macrocytes and hypochromic microcytic cells from iron deficiency often occur togetherthe so-called dimorphic appearance. Vitamin B12 deficiency may occur as well, probably because the mucosal lesion extends to the ileum. Low serum vitamin B12 levels in different series of patients vary from 27 to 50% (Mollin & Ross 1954 , Meynell et al. 1957 , Girdwood 1960 . Folic acid therapy does not carry the same risk as in pernicious anaemia of precipitating damage to the nervous system. Megaloblastic anemia in idiopathic steatorrhoea responds to the gluten-free diet and in tropical sprue to folic acid or antibiotics.
Investigation of Macrocytic Anwmia
Addisonian pernicious anemia must first be excluded. The presence of hydrochloric acid is presumptive evidence of intrinsic factor secretion, though an exception to this is juvenile pernicious anamia where the stomach is otherwise normal (Mollin et al. 1955) ; conversely, intrinsic factor may still be secreted in cases of gastric atrophy, though hydrochloric acid production has failed. Tubeless gastric analysis is a useful initial test.
False positive results are rare (approximately 1 %), but an efficient test such as the augmented histamine test will have to be performed if results are borderline or if achlorhydria is found; false negative results occur in 7-4 % when the Diagnex blue test is used (Bock & Witts 1961) and in 24% with the gastrotest (Knapton et al. 1964 ). Proof of failure of intrinsic factor secretion is obtained by a radioactive vitamin Bl absorption test, before and after giving intrinsic factor (Mollin 1962) . It is now possible to measure intrinsic factor directly in the gastric juice by immunological techniques such as assay against anti-intrinsic factor serum (Ardeman et al. 1964) .
If intrinsic factor is present, the small intestine must be investigated. A barium meal is usually the first step. Radiologists vary in their skill, and lesions may be missed even when the technique is beyond dispute, for the small bowel is the most difficult and laborious section of the gut to examine radiologically. Its length, the series of superimposed coils, and the lack of any landmarks to guide the radiologist as to whether barium has passed any particular segment are obvious difficulties. Furthermore, lesions such as fistulk between the colon and stomach or small intestine are not seen by a barium meal, due to a valvular action of mucosa, and a barium enema is necessary (Fig 3) . Greater accuracy, particularly in outlining the dilated bowel of idiopathic steatorrhcea, is possible with nonflocculating barium (Fig 4) . Previously the flocculation of barium sulphate, due probably to excessive mucus in the bowel, caused artifacts that were erroneously believed to indicate disease (Ardran et al. 1950) . Occasionally, in idiopathic steatorrhoea, changes resembling Crohn's disease may be seen, and are probably due to disturbances of motility ( Fig 5) .
In hospital, fxcal fat estimation should first be carried out for three or four days, as patients often become constipated from resting in bed, or after a barium meal. An ordinary hospital diet, which contains between 50 and 70 grams of fat daily, is sufficient providing the patient is eating properly; a fat balance, with a 50 gram fat diet, need only be done in doubtful cases or for therapeutic trials. Examination of a fragment of jejunal mucosa, obtained by a biopsy tube (Crosby & Kugler 1957 , Choudhury et al. 1964 ) is now a routine; the specimen is first examined through a dissecting microscope to study the villi in three dimensions and later by histological methods. The flat appearance, due to an absence of villi, is virtually specific for idiopathic steatorrhiea (Townley et al. 1964 Appearance probably due to motility changes 32 low curves are common in idiopathic steatorrhaea though by no means the rule, and may occur in about 40% of normals. The latest method is the xylose excretion test.This is usually abnormal in idiopathic steatorrhoea, as xylose is absorbed in the jejunum.
Every patient with macrocytic antemia should be investigated properly. It is not enough merely to replace the deficiency of vitamin B12 or folic acid. Those with idiopathic steatorrhiea, often misdiagnosed in the past as suffering from pernicious anemia, are more likely to obtain good health by the gluten-free diet than by himatinics. Antibiotics may be necessary to treat the megaloblastic anaemia and its neurological complications arising from the stagnant loop syndrome, or the surgeon may cure both by corrective surgery. Dr C.E C Wells (Royal Infirmary, Cardiff)
The Clinical Neurology of Macrocytic Ansmia Anmmia is macrocytic when the average volume of the red cells exceeds 94 cu. p and when the mean concentration of their haemoglobin is above 30% (Wintrobe 1961). Iron deficiency may mask these features of macrocytic anemia (Mollin & Hines 1964) which may be either megaloblastic or normoblastic. The marrow becomes megaloblastic as the level of folate available to the maturing red cells falls below a critical level (Herbert 1962) . If the basic cause is a shortage of vitamin B12, the anemia may be accompanied by the neuropathy of vitamin B12 deficiency; but if it is due to deficiency of folic acid itself (or on rare occasions of ascorbic acid) as part of a general state of malnutrition or malabsorption, then the various kinds of nutritional neuropathy are more likely to appear.
The biochemical lesion of megaloblastosis, due to shortage or blockade of folate, is a failure to form nucleoprotein from its precursors in the cytoplasm. In other areas with a rapid turnover of cells, nuclear maturation is at fault (Mallarme 1948) . In patients with addisonian anemia, cells with abnormally large nuclei have been found in the stomach (Rubin & Massey 1953 , Graham & Rheault 1954 ; in the mouth (Boen 1957 , Farrant 1958 ; in the vagina (van Niekerk 1962); and very occasionally elsewhere (Boddington & Spriggs 1959) . Identical findings have been reported in patients with other forms of megaloblastic anmmia (Gardner 1956 , Boddington 1959 . Hence the common clinical sign of glossitis.
Macrocytosis with a normoblastic marrow usually indicates hurried erythropoiesis in response to overmuch hmmolysis, with an outpouring of immature reticulocytes into the peripheral circulation. Under these circumstances neurological syndromes are related to the underlying pathological state.
Examples of such syndromes are the encephalopathy, and rare myelopathy, of cirrhosis and portal vein thrombosis; Wernicke's encephalopathy, Korsakoff's syndrome, and the neuropathy of alcoholism so often associated with chronic liver disease; myxcedema; the neuromyopathies of malignant disease; uremia; intracranial himorrhage of blood dyscrasias; the retinal and cerebral infarcts of haemoglobinopathy.
The two groups overlap. Either type of marrow, for instance, may be seen in cases of chronic liver disease or of myxcedema. Macronormoblasts are a sign of falling stocks of folate, or of a block to
